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Introduction: 
 The Johnny Butler is simply a dumbwaiter for walk-up apartment buildings which don't have an 
elevator; an elevator for groceries or small appliances.  Our intentions with this project were very little. 
We won't come up with some new and amazing way to run elevators.  We all know that would be 
incredible, but that is not our intention.  All we are doing with our project is reminding people that such 
a simple yet elegant mechanism exists.  A machine that has almost faded out of memory, with this 
project we will remind you of that machine. 
Purpose & Function: 
We designed a simple and cost effective way to make life easier for residents of walk-up 
apartment buildings, which have no elevator.  In some cities across the country, there still exist 
apartment buildings up to six or seven stories with no elevators in the US.  In order to install an elevator 
in one of these older buildings would require major renovations.  Such an act would be a major 
inconvenience and cost to the residents and landlord.  We set out to find a way to make life easier for 
these people, and we came up with the Johnny Butler to help with carrying daily items.   
 As you can imagine carrying a week's worth of groceries up seven flights is a great chore.  With 
the Johnny Butler you simply put your groceries in and send it up while you leisurely walk 
unencumbered.  Provided the load is within the weight limit, other small object can be carried using the 
Johnny Butler.  New tenants moving in could use it to carry smaller items like lamps or potted plants, 
while they can focus on the big items like bed and couches.  The Johnny Butler has many different 
functions, all meant to make elevated living a little easier. 
 That was why we built the Johnny Butler, more than just a simple dumbwaiter like in the old 
days of plantations and penthouse mansions.  Admitted some of those still exist, but the point stands, 
where have these interesting little marvels gone.  Our design will not answer that question but remind 
you that the dumbwaiter does exists and it is very useful in the right place. 
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Initial Performance Specifications: 
 What we wanted to accomplish with the Johnny Butler was to build a working prototype of a 
dumbwaiter.  Our design would allow for a reasonable carrying capacity which can support most loads 
associated with apartments buildings, such as groceries or small appliances and decorations.  We also 
needed to keep a budget to insure that the project could remain at a reasonable price.  With those 
facets in mind we settled on a maximum safety capacity of 200 pounds in the cart and budget of $250-
$300 for the total cost.  After the capacity was set we began designing how to get it to move, out of the 
many different choices such as, piston driven or track driven, the simplest and cheapest was the cable 
design.  In the current cable design the cart is supported by a cable which runs all the way to the top of 
the shaft.  There it is attached to a spool run by a motor which winds and unwinds the cable to lift and 
lower the cart.  To simplify this design for our prototype we substituted the motor for a crank winch on 
the side of the shaft. 
 Redesigning the shaft to accommodate the new form of locomotion involved adding a simple 
pulley system at the top of the shaft where the motor would have been.  This pulley system changes the 
direction of the 3/16 inch cable so it runs out and down the side of the shaft and down to a winch.  This 
winch consists of a 7/8 inch diameter spool attached to a 5 inch diameter 44 tooth gear which is mated 
to a 1 3/4 inch diameter 12 toothed gear, shown in figure 10 & 18.  The tooth ratio of the winch gears is 
1 to 3 2/3.  The smaller gear is attached to a 6 inch long crank handle, with this winch we can easily lift 
and lower the cart of our prototype. 
 The cart and the shaft of the prototype are both made out of wood beams and wood sheets.  
The cart is a box, with measuring in order of length width then height, 29 ½ inches by 22 ½ inches by 20 
inches, and is surrounded by a support skeleton, shown in figures 8, 9, 13.  The shaft measures 30 ½ 
inches by 30 inches by 72 ¾ inches, seen in figure 6 & 19.  The cart fits snugly inside the shaft and is 
aligned with sliders along the walls of the shaft, these sliders maintain stability while the cart is moving.  
The cart is supported in the shaft by a steel cable with a 3/16 inch diameter.  This cable supports the cart 
via a loop in the cable, shown in figure 11 & 16, this loop holds two other looped cables which connect 
to four eye-bolts attached to the cart, shown in figure 9. 
 The cart is accessed from the outside via doors mounted 12 inches from the top and bottom of 
the shaft, they measure 24 inches wide and 22 inches high, shown in figure 7.  These doors open 
outward and to the left.  The opening direction was chosen with consideration to the majority of the 
population being right handed and likely carrying objects with the right hand.  These doors are mounted 
on spring hinges which allow them to close automatically should someone open them and leave. 
 The doors also include an analog locking system which triggers when the cart is not in place.  As 
the cart lowers or raises into position it compresses a block against a spring just below or above the 
door moving the lock, which is attached to the block and holding the door.  Should the cart not be 
present at the door in the shaft the door will remain locked by a latch which is triggered by the force of 
the cart.  Also there is a second lock which prevents the cart from being moved while the door, that the 
cart is at, is opened, both represented in figure 12.  The door has a hook system that when the door is 
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opened rotates into place, grabbing hold of the cart preventing it from moving while the door is open.  
Both of these locks are safety features for the prototype, to show that similar safety features will be 
needed for the final design. 
 The safety features are meant to keep people from accessing the empty shaft and possibly 
dropping something in or falling in themselves.  Thanks to the previously mentioned safety features the 
only remaining pinch points are the doors, however for our prototype we decided not to include these 
safety features due to space issues.  The doors, however do close slow enough to not pinch.  Our 
prototype will also only consist of two floors, a ground level and a top level.  They will be roughly 30 
inches apart from one another, as a prototype this design of the Johnny Butler is not the final product. 
 The Johnny Butler, will have an operating capacity of 100 pounds, and a maximum capacity of 
200 pounds.  In testing and demonstration it will accelerate at a rate of 0.2475 inches per second per 
second over a period of three seconds to a velocity of 0.7425 inches per second.  We realize this is a 
slow speed for the final model, however for the prototype where we don't have an automatic system to 
maintain a constant speed and acceleration we thought this speed would suffice for the demonstration. 
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Relevant Design Calculations: 
For our calculations we looked for several numbers: 
 Max weight for the cart to hold, 200 pounds. 
 Deflection of the floor of the cart, 1.78 inches. 
 Weight being held by the cable (max weight plus cart weight), 220 pounds. 
 Stretch of the cable, 10.14% of 16.5, 1.67 inches. 
 Forced needed to hold it in a static position from the crank, 4.375 pounds. 
 Rotational speed we will be using for the crank, 60 RPMs. 
 Force needed to accelerate the crank to 60 RPMs, 4.42056 pounds. 
 Speed of the cart at 60 RPMs, 3.7125 feet per minute. 
 Acceleration of the cart, 0.2475 inches per second per second. 
What follows is the processes we used to find the numbers, all dimensions within the figures are 
represented in inches. 
Maximum weight in the cart is 200 pounds. 
This weight on the floor of the cart causes a deflection to find that we must first find the moment of 
inertia, which is 0.234375 inches to the 4th. 
             
  
              
After finding the moment of inertia we can find the deflection of the floor of the cart. 
 
Figure 1 Deflection of the floor of the cart. 
 
 
   
   
             
                      
          
With the maximum weight of the load plus the cart itself the weight acting on the cable is 220 pounds.  
This force generates a stretch, which is approximately 10.14% the total length of the cable.  The cable is 
16.5 inches long so the stretch would be 1.67 inches. (Loots & Co. Inc., 2010) 
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Due to the pulley system being at the same height as the carts starting position, this results in an equal 
distribution of the cable on either side of the pulley system so the weight of the cable can be ignored for 
the prototype. 
The cable attaches to the spool of the winch which is 7/8 inches in diameter, this leads to a torque of 
96.25 in*lbs needed to maintain the cart's position, this torque is transferred through the direct 
connection with the larger gear of the winch. 
 
Figure 2 Forces transferred through the spool to the large gear. 
      
       
 
             
The transference of the 96.25 in*lbs from the larger, 5 inch diameter, gear to the smaller gear results in 
the smaller, 1 3/4 inch diameter, gear needing a torque of 26.25 in*lbs to maintain the cart's position. 
 
Figure 3 Gears in the winch and their ratio. 
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The torque now in the smaller is then directly transferred to the 6 inch handle through direct connection 
and this results in a force of 4.375 pounds needed on the crank handle to keep the cart's state of either 
moving or at rest. 
 
Figure 4 Forces transferred from the small gear to the crank. 
          
   
          
We wanted a gentle speed for the crank to be rotated at so we chose 60 RPMs, one rotation every 
second.  We also decided on a gentle acceleration to reach this speed for our prototype, 3 seconds from 
0 to 1 RPS, this results in an acceleration of . 
             
  
                     
Knowing the force that the cart is putting on the crank and the acceleration we want to achieve we can 
find the force needed, First we convert the force of the crank to slugs, which is 0.1367 slugs. 
       
       
              
Then we find the force needed to accelerate those slugs at a rate of 0.3333 rotations per second per 
second and add it to the force needed to maintain its static state.  The forced needed for the desired 
acceleration is 4.42056 pounds. 
                                    
                             
With acceleration and speed decided on we can determine the speed of the cart at 60 RPMs.  We must 
find the rotation of the larger gear with has a ratio of 1 to 3.6667 with the smaller gear, this means the 
larger gear will rotate 0.27 times for every 1 rotation of the smaller gear. 
    
      
         
Next we find the circumference of the spool directly attached to the larger gear, which is 2.75 in. 
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Figure 5 Circumference of the spool 
 
 
 
                          
Finally using the ratio found earlier we can find the length of cable being wound per second, which is 
0.7425 inches per second. 
                                 
From what we have found we can now determine that the cart will be traveling at 0.7425 in/s or 44.55 
in/min or 3.7125 ft/min when the crank is rotated at 60 RPMs 
                                
       
       
               
The acceleration of the cart with it taking 3 seconds to reach full speed is 0.2475 inches per second per 
second. 
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Diagrams and Formal Engineering Drawings (all measurements are in Inches): 
 
Figure 6 Full diagram of the completed shaft 
 
Figure 7 diagram of the doors, with hinges and handle 
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Figure 8 Diagram of the walls which make up the cart 
 
Figure 9 Diagram of the support skeleton of the cart, with eye-bolts 
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Figure 10 Diagram of the winch assembly 
 
Figure 11 Diagram of loops in the wires 
 
Figure 12 The latches for the locking system for both the door and cart 
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Photographs of Components and Completed Machine: 
 
Figure 13 The finished cart 
 
Figure 14 Cross bean for supporting the cart 
14 
 
 
Figure 15 The inside pulley wheel 
 
Figure 16 The connection of the cable to the cart 
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Figure 17 Outside pully 
 
Figure 18 Winch 
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Figure 19 Shaft and cart during testing, doors not attached 
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Figure 20 Completed shaft with doors closed 
 
Figure 21 Completed shaft with bottom door open 
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Figure 22 Completed shaft with both doors open 
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Fabrication Procedure: 
Assembly of the project begins with the shaft.  First the frame is constructed to provide structure, after 
which the walls of the shaft are fixed to the frame to close the shaft, leaving one wall open to allow for 
installation of the cart, this open section is also where the doors will go.  Next the cart is constructed, 
starting with the frame again, but this time, placing the walls of the cart on the inside of the frame.  This 
is done to provide a suitable anchoring point for the eye-bolts which are fixed to four points on the top 
of the cart's frame, and also to give the inside a clean look.  Two shorter sections of cable are now used 
to create two handles, one for the right set of eye-bolts and one for the left set.  The shorter cables are 
used to connect the eye-bolt in a strap-like fashion, hanging loosely but equally off of the eye-bolts.  The 
two handles created by this process will be used to suspend the cart from the main cable later. 
After the shaft and the cart are constructed the winch is now mounted on the side of the shaft to the 
right of where the doors will be.  Next a support beam is added to the top of the shaft to provide 
another anchoring point, this time for the pulleys which are attached to the support beam.  The pulleys 
are aligned in such a way as to allow for the cable to remain parallel with the shaft while it is connected 
to the cart and the winch. 
Now stops are placed on the top and bottom of the inside of the shaft to keep the cart from moving past 
where the doors will be.  After the stops are in place guide rails are added to the walls of the shaft as 
well as guides to the cart.  These guides and rails will prevent the cart from twisting and catching while 
traveling in the shaft.  Beeswax is applied to the rails to provide lubrication.  The cart is then aligned with 
the rails in the shaft and attached to the cable, the cable is then attached to the winch. 
After the cart has been installed the doors are next.  The final wall is the door wall, the holes for the 
door are cut out and the doors are then mounted in the respective locations.  After the doors are 
mounted the final wall is now attached to the shaft sealing it and completing construction.   
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Test Results: 
Our test of the Johnny Butler is a simple one, we add weights and see how many turns of the crank it 
takes for the cart to reach the top.  From this method we can determine the speed it will travel at a 
selected RPM and the stretch of the cable under the weight used. 
Four weights were tested 0, 50, 100, and 175 pounds.  At the time 200 pounds could not be found to 
test with.  A weight was placed in the cart then the crank was turned until the cart reached the top of 
the shaft.  The number of turns necessary was recorded and the cart was lowered and a new weight is 
placed to repeat the process. 
From the data here we see if the number of turns match up to the 
speed we found. 
                
  
   
          
 
The data we found matches the measurements. 
From the data we collected with these tests we can find length of the cable at the different weights and 
determine the stretch. 
              
      
    
        
              
 
 
 
 
 
After comparing the data found via the test to what we found through math it is apparent that our 
calculations were very close to reality.  The stretch found was for the full 200 pound weight but a simple 
adjustment allows for us to adapt what we found. 
                             
 
 
     
         
The new stretch length is 8.98% of the 16.5 inch cable, which is 1.482 inches.  Compared to the 1.5 
inches found in the test our calculations where only 1.16% off. 
 
Weight Turns needed 
0 lbs 22.25 turns 
50 lbs 22.5 turns 
100 lbs 22.75 turns 
175 lbs 24.25 turns 
Weight Length Stretch 
0lbs 16.5 in 0 in 
50lbs 16.7 in 0.2 in 
100lbs 16.9 in 0.4 in 
175lbs 18 in 1.5 in 
Weight of cart, 20 lbs 
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Cost of Materials: 
Wood - $83.40 
Cable - $14.69 
Fasteners - $22.89 
Cable clips - $4.95 
Eye-bolts - $4.98 
J-bolts - $8.98 
L-Brackets - $17.96 
Hinges - $11.98 
Winch - $37.99 
Beeswax - $3.99 
Pulleys - $13.98 
Sub-Total - $225.79 
Tax - $15.81 
Total - $241.80 
Looking at the bill, we managed to stay under budget. 
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Conclusions: 
We set out to build a prototype for a small scale elevator, meant to help tenants of walk-up apartment 
buildings.  Looking back on the work we did and what came out of it, we would say we accomplished 
that goal.  We never set out to reinvent the dumbwaiter design, just to make people aware of it again.  It 
is a solid, simple, and cheap way of making life just a little bit easier for people.  With the exception of 
several small issues early on, we worked out the design and the theory necessary to make this project a 
reality and all of our predictions match with an acceptable margin of error.  In conclusion, we 
accomplished the goals set by our group when we began this project. 
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